Engineering Thermodynamics (ME 210) 


Date: November 17, 2015 Instructor: Dr. Khairy Agha 


A 0.2 m rigid tank with air at | MPa, 400 K iS seers 
connected to an air line. The valve is opened and |: Í 3 ; Line 
the air flows into the tank unti] the pressure 2 
reaches 10 MPa, at which point the valve is |i 
closed and the temperature inside is 700K. L 


3 @) State any assumptions used to solve this |: 
problem. 
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(b) What is the mass of the air in the,tank before and after the process? 
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(c) The tank eventually cools to room temperature, 300 K. What is the pressure inside the tank then? 
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(d) Show this process on a P-v diagram 

2 P 2 
P e 

5 | 3 

e 3 : 
N i 


L 








ME 210 (Selected Problems) Page 1 out of 7 


(OF 


r arrangement shown to the right. 5 kgof water at 
the cylinder (state 1). The water is cooled 
the piston just rests on the stops [= 


Consider the piston/cylinde 
sure in the cylinder is S 


400 °C, 300 kPa are contained in 
until the volume is 1.0 m? at which point 


(state 2). The water is then further cooled until the pres 

100 kPa (state 3). At this point the werh à stops are fi; 

removed and the system is cooled to saturated liquid state (state 4). 
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100 99.62 0.001043 1.69296 1.694 
0.60582 
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(a) List any assumptions used in the solution of this problem. 
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(b) Draw the process on a Pv diagram. 
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(c) Calculate the volume at state 1 and the pressure and temperature at state 2. 
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(d) Calculate the final pressure, temperature and volume of the system. 
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(e) Calculate the amount of work done during this process, 
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Problem 13. A steam supply line provides steam at a temperature of 600°F and a pressure of 500 
Ibf/in?. The valve is opened, and steam flows through a turbine and into an evacuated tank 
(volume = 10 ft). When the pressure in the tank equals the supply line pressure the valve is 
closed. The work output of the turbine during this process is 85 Btw/Ibm of steam. Assuming 


the process to be adiabatic, find: 


(a) The temperature of the steam in the tank. 
(b) The amount of steam that enters the tank. 
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d with regeneration and reheat as shown in Figure (4), 


steam power plant modifie 


1) Consider the 
am to a process heater. 


which also supplies ste 
ressure of 0.4 


0°C, and expands to a P 
eheater to be 


6 MPa and 45 


gh pressure turbine at 
xtracted, and the rest is routed to the r 


Steam enters the hi 
60% of the steam ise 


MPa. At this pressure, 


heated to 400°C. 
n feed water heater. The rest of 


part of the extracted steam is used to heat feed water in an ope 
the extracted steam is used in the process heated. This steam leaves the process heater as 


saturated liquid is pumped to boiler pressure. 


The reheated steam at 400°C is expanded in the low pressure turbine to 10 kPa. 


The following data are available; 
h, = 191.83kJ/kg v4 = 0.001084 m°/kg 
ha = ha Shun F 604.74 kJ/kg 


vı = 0.00101 m*/kg 
hg = 3301.8 kJ/kg 


ha = 3273.4 kJ/kg 
Sg = 7.8985 kJ/kg.K Sẹ = 6.7193 kJ/kg. K 
Determine the mass flow rate of steam through the boiler for a net power output of 1 MW 


a) 
b) Determine the heating load on the process heater 
c) Determine the thermal efficiency of the plant. 
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Figure (4) 
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1) A proposal is made to use a geotherm 

sie Avie ead ete pte cen aera 
evaporator chamber, which forms liquid and vapor at a lower Ks ' x throttled into a flash 
discarded while the saturated vapor feeds the turbine and exits at io ae me The liquid is 
turbine should produce 1 MW, find the required mass flow rate of hot a, 90% quality. If the 
kilograms per hour. geothermal water in 
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2) The cylinder volume below the constant loaded piston has two compartments A and B filled with 
water. A has 0.5 kg at 200 kPa, 150 2C and B has 400 kPa with a quality of 50% and a volume of 
0.1 m°. The valve is opened and heat is transferred so the water comes to a uniform state with a 


total volume of 1.006 m°. 
i) Find the total mass of water and the total initial volume. 
ii) Find the work in the process 
iii) Find the process heat transfer. 








a valve to another tank 
e entire system reaches 
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3) A 1 m° tank containing air a 
containing 4 kg of air at 60°C and 2 
thermal equilibrium with the surroundings at 20 
determine the final pressure and the heat transfer. 
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n in Fig. P6.106. 


6.106 A somewhat simplified flow diagram for a nuclear power plant is give 
ying table. 


Mass flow rates and the various states in the cycle are shown in the accompan 
The cycle includes a number of heaters in which heat is transferred from steam, taken out of 
the turbine at some intermediate pressure, to liquid water pumped from the condenser on 1ts 
way to the steam drum. The heat exchanger in the reactor supplies 157 MW, and it may be 
assumed that there is no heat transfer in the turbines. 

(a). Assuming the moisture separator has no heat transfer between the two turbine 

sections, determine the enthalpy and quality (%4, x4). 

(b). Determine the power output of the low-pressure turbine. 

(c). Determine the power output of the high-pressure turbine. 

(d). Find the ratio of the total power output of the two turbines to the total power delivered 


by the reactor. 


Point m, kg/s 
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75.6 


4.662 
75.6 
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FIGURE P6.106 


